Introduction
Esophageal cancer is the eighth most common cancer worldwide, and esophageal squamous cell carcinoma (ESCC) accounts for ~90% of esophageal cancer cases. 1 Despite advancements in diagnostic and treatment approaches, the clinical outcome for all patients remains poor because of early lymph node (LN) metastasis and invasion of adjacent organs, such as the aorta, trachea, bronchus, pericardium, and lung. The 5-year overall survival (OS) rate of patients diagnosed with esophageal cancer ranges from 15% to 20%. 2 Therefore, in-depth studies on the molecular mechanism of invasion and metastasis in ESCC should be performed and effective prevention and treatment measures should be developed to improve therapeutic outcomes for patients with esophageal cancer. Glucose-regulated protein 78 (GRP78), a major constituent of the endoplasmic reticulum, is responsible for protein folding and denaturing to maintain cellular integrity. 3 GRP78 is expressed at basal levels in normal adult organs but is strongly induced in tumors, 4 such as malignant gliomas, colon cancer, esophageal cancer, and hepatocellular cancer. [5] [6] [7] [8] Recent advances have revealed that GRP78 overexpression is associated with tumor cell proliferation, invasion, chemotherapeutic response, and patient prognosis in esophageal cancer. [9] [10] [11] Novel therapeutic approaches targeting glucoseregulated proteins have been developed in cancer treatment. 11 ESCC is a more common type of esophageal cancer in the People's Republic of China than adenocarcinoma in Western countries. 2 However, most data on GRP78 have been generated from studies on esophageal adenocarcinoma and focused on prognosis or treatment response. 9, 10 Invasion and metastasis have impeded the enhancement of survival rates in the clinical treatment of ESCC. Increased GRP78 expression is also correlated with LN metastasis in gastric cancer 12 and implicated in the promotion of hepatocellular carcinoma invasion by enhancing focal adhesion kinase (FAK) activation 13 or by decreasing E-cadherin levels. 8 Nevertheless, the role of GRP78 in the invasion and metastasis in ESCC has been rarely reported.
Therefore, in this study, GRP78 expression and its clinical implications in ESCC were examined to investigate the effect of GRP78 on invasion, metastasis, and prognosis in patients with ESCC.
Patients and methods

Patients and treatment
Ninety-two patients with ESCC who provided complete clinicopathological and follow-up data and underwent surgical resection at Tianjin Medical University Cancer Institute and Hospital between January 2008 and December 2010 were enrolled in this study. None of the patients experienced a previous history of cancer nor received any chemotherapy or radiation before surgery. The protocol of this study was approved by the Research Ethics Committee of Tianjin Medical University Cancer Institute and Hospital, People's Republic of China. Written informed consents were obtained from all the patients.
Tissue samples were fixed in formalin, routinely processed, and embedded in paraffin. All the tumor tissues were confirmed through pathological examination. Histological grading was defined as well, moderately, or poorly differentiated/undifferentiated in accordance with the World Health Organization classification of esophageal tumors.
14 Tumor stage was determined based on the seventh edition of the American Joint Committee on Cancer (AJCC) tumor-node-metastasis (TNM) staging system for esophageal carcinoma. 15 To evaluate the depth of tumor invasion, we considered the following definition: pT1 for tumors that invaded the lamina propria, muscularis mucosae, or submucosa, pT2 for tumors that invaded the muscularis propria, pT3 for tumors that invaded the adventitia, and pT4 for tumors that invaded adjacent structures. LN metastasis was classified on the basis of the number of metastatic LNs as follows: N0, no metastasis; N1, 1-2 metastatic LNs; N2, 3-6 metastatic LNs; and N3, $7 metastatic LNs. Patients designated with pN0 were categorized into the N0 group and those classified as pN1, pN2, and pN3 were placed into the N+ group.
The patients were followed up through direct evaluation or phone interviews until death or February 28, 2015. OS was defined as the time from the date of surgery to the date of last contact or the date of death.
immunohistochemistry Consecutive sections (6 μm thickness) were cut from formalin-fixed and paraffin-embedded tissue blocks. Each slide was deparaffinized with xylene, dehydrated with alcohol, and subjected to heat-mediated antigen retrieval with citrate buffer at pH 6. The sections were then incubated with the primary antibody GRP78 (1:100; Abcam, Cambridge, UK) at 4°C overnight. The primary antibodies were subsequently replaced with phosphate buffer saline (PBS) as a negative control. The sections were conjugated with secondary antibodies for 30 min at room temperature. Diaminobenzidine was used as chromogen, and the sections were subsequently counterstained with hematoxylin, dehydrated, and mounted.
The sections were examined and scored independently by two pathologists who were blinded to the clinicopathological information, and at least five fields were randomly chosen. The GRP78 expression was evaluated on the basis of the ratio of positive cells per specimen and staining intensity. The ratio of positive cells per field was evaluated quantitatively and scored as 0 for staining ,5%, 1 for staining 5%-25%, 2 for staining 26%-50%, 3 for staining 51%-80%, and 4 for staining .80%. The intensity was graded as follows: 1, weak; 2, moderate; and 3, strong. A final immunohistochemical score was achieved by multiplying the intensity score and the percentage of positive cells (range 0-12). In this study, 92 ESCC patients were divided into high-and low-GRP78-expression groups by determining an optimal cutoff value for GRP78 expression levels on the basis of the measure of heterogeneity by using log-rank test statistic with respect to OS as previously published. The patients were subsequently categorized into the following two groups: high-GRP78-expression group with a staining index score 
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high expression of grP78 in esophageal squamous cell carcinoma of $7 and low-GRP78-expression group with a staining index score of #6.
cell line and culture
The human ESCC lines EC-109, TE-1, and CaEs-17 were purchased from the China Academy of Science cell library and maintained in RPMI-1640 medium supplemented with 10% fetal calf serum (Gibco, Grand Island, NE, USA) in a humidified atmosphere of 5% CO 2 at 37°C.
Western blot
Western blot analysis was performed as previously described to detect the expression levels of GRP78 in esophageal cancer tissues or cell lines. The cells were washed with cold PBS and lysed with RIPA buffer, which contained protease inhibitors. Afterward, 30 μg of protein were resolved on a sodium dodecyl sulfate denaturing polyacrylamide gel and transferred onto polyvinylidene fluoride membranes (Millipore, Billerica, MA, USA). The membranes were subsequently blotted using an anti-GRP78 antibody (1:1,000; Abcam) or anti-β-actin antibodies (1:2,000; Proteintech, Chicago, IL, USA). After these membranes were incubated at 4°C overnight, the secondary antibodies (1:2,000; Proteintech) were added, and the resultant mixture was incubated for 1 h at 4°C. The immune complexes were visualized with an enhanced chemiluminescence Plus kit (GE, Fairfield, CT, USA) and detected using a VersaDoc 5000 system (Bio-Rad Laboratories, Hercules, CA, USA) in accordance with the manufacturer's protocol.
small interfering rna (sirna) transfection
The siRNA against GRP78 was prepared as described in a previous study. 16 A scrambled sequence unrelated to si-GRP78 was used as control. For transfection, TE-1 and CaEs-17 cells were plated in six-well plates containing 2 mL of the medium supplemented with 10% fetal bovine serum (FBS). After 18 h, si-GRP78 was transfected by using Lipofectamine ® 2000 Reagent (Invitrogen, Carlsbad, CA, USA) when the cells were 50%-60% confluent. The cells were harvested 48 h after transfection and used for analysis.
cell migration and invasion assays
Invasion and migration assays were performed as previously described. 17 The invasion and migration abilities of TE-1 and CaEs-17 cells transfected with si-GRP78 and si-con were tested in Matrigel-coated cell culture chambers (Millipore). In brief, 10×10 5 Survival analysis was performed using the Kaplan-Meier method, and differences in survival were estimated via log-rank test. Significant parameters revealed through univariate analysis were subjected to multivariate survival analysis by using Cox's proportional hazard model. The hazard ratios (HRs) and corresponding 95% confidence intervals (CIs) were calculated. Two-tailed P,0.05 was considered statistically significant.
Results
clinicopathological characteristics of escc patients
A total of 67 males and 25 females with a median age of 65 years (range 43-80 years) were included in this study. Of the 92 cases of ESCC, 46 cases had a lesion length of ,4 cm and 46 cases had a lesion length of $4 cm. A total of 55 patients demonstrated no LN metastasis (N0), whereas 37 patients were identified with LN involvement (N+). For clinical stages, 10 cases were in stage I, 36 cases were in stage II, and 46 cases were in stage III in accordance with the seventh edition of AJCC TNM staging criteria for esophageal cancer.
The follow-up period ranged from 3 to 72 months (median 36 months). By the end of this study, 52 of the 92 patients had died.
grP78 is overexpressed in escc tissues and escc cell lines evaluate the expression level of GRP78 in ESCC tissues and cell lines. Its expression levels in 12 cases of ESCC specimens were compared with paired adjacent normal esophageal mucosal tissues through Western blot. GRP78 was expressed to a greater extent in ESCC samples than in adjacent normal esophageal tissues ( Figure 1A) . Furthermore, GRP78 was highly expressed in the three ESCC cell lines, especially in TE-1 and CaEs-17 ( Figure 1B) .
The expression and localization of GRP78 were evaluated through immunohistochemistry in the samples from 92 patients with ESCC. The expression of GRP78 was primarily localized in the cytoplasm of the carcinoma cells in ESCC tissues. A total of 66 of the 92 cancer lesions (71.7%) were scored as high expression, but 20 of the 92 cases (21.7%) were scored as high expression in adjacent normal esophageal mucosal tissues, and their difference was significant (P,0.05). The representative results of GRP78 staining are shown in Figure 2 .
correlation of grP78 expression with the clinicopathological factors in patients with escc
We then explored the association of GRP78 expression with clinicopathological parameters in the 92 cases of ESCC patients. In Table 1 
grP78 expression and prognosis in patients with escc
The cancer patients were subjected to follow-up examinations for up to 72 months, with a median follow-up period of 36 months (range 3-72 months). The 5-year survival rate was 30.7% for all of the patients. The 5-year survival rate and the median survival time of the patients with low GRP78 expression were 42.3% and 48 months, respectively. The 5-year survival rate and the median survival time of the patients with high GRP78 expression were 26.0% and 28 months, respectively. Their difference was significant (log-rank test: P=0.037). Table 2 lists the results of the univariate and multivariate analyses of the factors related to the prognosis of patients with ESCC. Univariate analysis with Cox's proportional hazard model demonstrated that gender (P=0.040), smoking status (P=0.017), tumor size (P=0.045), tumor invasion depth (P=0.000), LN metastasis (P=0.002), and GRP78 expression (P=0.037) were significantly correlated with OS. These parameters were subjected to multivariate analysis, and the results suggested that tumor invasion depth (P=0.002), LN metastasis (P=0.032), and GRP78 expression (P=0.011) were independent prognostic factors of the OS of ESCC patients.
grP78 promotes the invasion and migration of escc cells TE-1 and CaEs-17 were transiently transfected with si-GRP78 or si-con for 48 h to explore the role of GRP78 in ESCC invasion and migration. The efficiency of transfection was confirmed through Western blot assay. GRP78 expression levels in both cell lines were more effectively reduced by si-GRP78 than by si-con (P,0.05; Figure 4 ). Transwell migration and invasion assays were then performed to investigate the role of GRP78 in ESCC cell invasion and migration in vitro. The results revealed that the migratory activity of the si-GRP78-transfected TE-1 and CaEs-17 cells was remarkably reduced, GRP78 expression was suppressed in both cell lines, and si-GRP78 decreased their invasion into the Matrigel substrate.
Discussion
Metastasis, a result of cancer migration and invasion from primary site to distant site, is the major cause of cancerrelated deaths. 18 Invasion and metastasis in many different human cancer types are correlated with GRP78 expression levels. [19] [20] [21] In breast cancer, the GRP78 expression level can be considered as a biomarker to predict invasion and metastasis. 22 In gastric cancer, GRP78 overexpression is 
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ren et al correlated with LN metastasis. 12 GRP78 overexpression in esophageal cancer is related to aggressive biological behavior, poor prognosis, and chemotherapy response. 7, 10 These findings indicated that targeting GRP78 may be a new therapeutic approach in esophageal cancer, but previous data were mainly derived from esophageal adenocarcinoma cases. 9, 10 Although the role of GRP78 in tumor progression has been examined in many human cancers, the invasion and metastasis of ESCC have yet to be fully elucidated. Therefore, we performed this study to analyze the expression and clinical implications of GRP78 in ESCC and explore the correlation of GRP78 expression with invasion and metastasis in ESCC.
In this study, the expression of GRP78 protein in primary ESCC tissues was examined through immunohistochemistry and Western blot. The correlation of GRP78 expression with clinicopathological variabilities and prognosis was also analyzed. Our results indicated that the GRP78 expression significantly differed between ESCC and adjacent normal tissue samples. Immunohistochemical analysis revealed that the GRP78 expression in the cytoplasm of the ESCC cells was higher than that in the cytoplasm of the corresponding normal esophageal tissues. These findings are consistent with those described in previous studies 7, 13, 23 and of potential clinical importance for early diagnosis. Further analysis showed that high GRP78 expression was associated with LN metastasis and advanced clinical stage. These results also agree with those observed by Langer et al. 9 Zhao et al 24 performed a log-rank test and found that patients with high GRP78 expression exhibit poor prognosis. To establish the prognostic role of GRP78, we precluded ESCC patients with stage IV and carried out univariate and multivariate analyses. Our finding demonstrated that the patients with low GRP78 expression in tumors tissue achieved a higher OS than those of patients with high tumor expression (P=0.037). The multivariate Cox analysis of GRP78 expression and other parameters showed that GRP78 expression was an independent indicator of survival in this research. This result suggested that GRP78 might play an important role in disease aggressiveness and serve as a novel prognostic marker for patients with ESCC. As such, we further explored the biological role of GRP78 in ESCC development in vitro.
We further performed GRP78 siRNA knockdown in two types of GRP78-overexpressing ESCC cell lines to analyze the effect of GRP78 expression on their invasion and metastatic capacities. Our results showed that the invasion and migration capacities of these two cancer cell lines Figure 3 association between the grP78 expression levels and Os of escc patients. Note: The 5-year survival rates of esophageal cancer patients with low grP78 expression levels were significantly higher than those with high GRP78 expression levels (P=0.037). Abbreviations: escc, esophageal squamous cell carcinoma; grP78, glucoseregulated protein 78; Os, overall survival. were lower in the GRP78 siRNA knockdown group than in the control group. This observation is consistent with that presented by Zhao et al. 24 Although overexpression of GRP78 has been reported to be associated with invasion and metastasis in many human cancers, the exact molecular mechanism remains unclear. Dong et al 25 explored the role of GRP78 in a tumor microenvironment and found that tumor growth and angiogenesis are suppressed in GRP78 +/-mice in the early phase but not in the late phase. Therefore, GRP78 overexpression occurring in early-stage ESCC may be a reaction to an early response induced by hosts' immune systems. By contrast, stress factors against tumors may contribute to the upregulation of GRP78 expression in the metastatic stage. 9 Cell migration and adhesive signaling are regulated by an essential nonreceptor tyrosine kinase named FAK. 20 The activation and activity of FAK may be an underlying mechanism by which GRP78 promotes the invasion of cells in hepatocellular carcinoma 13 and pancreatic cancer.
26 β1-Integrin is an important molecule involved in cell matrix adhesion and FAK activity. 27 GRP78-regulated FAK activity may be mediated by β1-integrin, and GRP78 may facilitate colorectal cancer cell invasion by interacting with the urokinase-type plasminogen activator (uPA)-uPA receptor (uPAR) system. 20 Vimentin is a key molecule involved in epithelial-to-mesenchymal transition.
However, GRP78 may play a suppressor role in modulating cell migration by enhancing vimentin expression levels in hepatocellular cancer. 19 Therefore, the role of GRP78 in cell invasion and migration might vary across different cancer types.
However, our study is characterized by several potential limitations. For instance, this study applied a retrospective and single-hospital design. Another limitation is the relatively small sample size. Future large-scale, multicenter, and prospective studies should be performed to identify the prognostic value of GRP78 in ESCC.
Conclusion
We observed that GRP78 expression was higher in ESCC tissues than in normal esophageal mucosa. High GRP78 expression was associated with LN metastasis and advanced clinical stage. It could also act as an independent indicator of poor OS in ESCC. High GRP78 expression also enhanced the invasion and migration abilities of ESCC cells. GRP78 might be a potential anti-invasion and migration target in ESCC treatment. Further studies on the mechanism of the invasion and metastasis of GRP78 should be conducted to clarify the role of GRP78 in ESCC, improve the prognostic status of affected patients, and generate individualized cancer treatments. 
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